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Stroke is the third most common cause of mortality
and long-term neurologic disability in most Western
countries [1]. In Taiwan, it has been the second lead-
ing cause of death since 2000 [2]. The prevalence rate
of stroke in Taiwan increases steadily with age [3,4].
In cases of stroke, the extent of cell damage is
determined by the degree and duration of ischemia,
with clinical studies revealing that cerebral ischemia
persisting for more than 6 hours results in permanent
neurologic damage [5,6]. A previous study showed
that intravenous recombinant tissue plasminogen
activator (rt-PA) thrombolytic therapy may improve
the neurologic outcome of acute ischemic stroke if
given within 3 hours of the onset of symptoms [7].
Despite the fact that the benefits of thrombolytic
therapy for the treatment of acute ischemic stroke
have been recognized, and the treatment accordingly
approved, only a small percentage of patients receive
this therapy [8] as the main reason for this is that
thrombolytic therapy has many contraindications and
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The biggest hurdle for early hospital presentation is the narrow therapeutic window after stroke.
The aims of our study were to investigate the time lags and the factors causing pre-hospital and
emergency department (ED) delay during acute ischemic stroke attack. Between June 2004 and
October 2005, we prospectively studied 129 acute ischemic stroke patients who presented to the
ED of the study hospital within 4 hours after symptom onset. Chi-square testing for trend, uni-
variate and multiple logistic regression analyses was performed to evaluate the factors influencing
delays in the ED presentation of acute ischemic stroke patients. The median time from symptom
onset to ED arrival was 71 (mean ± SD, 82.7 ± 57.7) minutes. The median times from ED arrival to
neurologic consultation, computed tomography scan, electrocardiogram, and laboratory data com-
pletion were 10 (11.3±9.9) minutes, 17 (9.6±11.3) minutes, 14 (23.3±55) minutes, and 39 (44.4±24.5)
minutes, respectively. Univariate and multiple logistic regression models revealed that age < 65
years, illiteracy and awakening with symptoms were the most significant factors related to a delay
in ED presentation. This study indicates that 2 hours of pre-hospital delay is the cutoff point for
thrombolytic therapy. Organization of a stroke team and standardized stroke pathways may help
to shorten in-hospital time consumption. Educational efforts should not only focus on the public,
but also on the training of ED physicians and other medical personnel.
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exclusion criteria, which must be evaluated within a
“3-hour window”.
A number of studies have identified factors influ-
encing delay in the treatment of acute ischemic stroke
patients in different countries and clinical trials [9–13].
The majority of previous studies reveal that the most
significant reason for acute ischemic stroke in patients
is the delay from symptom onset to the seeking of
medical attention. Furthermore, many patients get
delayed in the ED as they go through triage, ED physi-
cian or neurologic evaluation, cranial computed tomog-
raphy (CT) scanning, and laboratory examination.
The purpose of our study was to identify how
much time could be eliminated between ED presen-
tation and ED clinical investigation, and to explore
the factors influencing early ED admission of
patients suffering from acute stroke.
SUBJECTS AND METHODS
Subjects
The design of this study was a hospital-based, prospec-
tive observational study. The study hospital provides
medical center-level health care and serves approxi-
mately 1.5 million people within the metropolitan area
of southern Taiwan. In this hospital, a multidisciplin-
ary stroke team has been established and performs
standardized stroke pathways; it is the main referral
hospital for all kinds of stroke in this area.
From June 2004 to October 2005, all patients pre-
senting to the ED of the study hospital with signs or
symptoms of acute ischemic stroke within 4 hours
were enrolled. Because intra-arterial thrombolysis
required considerably more time for preparation than
intravenous thrombolysis, 4 hours after stroke onset
was the cutoff point in our study. Diagnosis of stroke
was based on neurologic examinations and cranial CT
scanning to exclude neurologic deficits other than
stroke.
Data collection
Detailed data, including the National Institutes of
Health Stroke Scale (NIHSS), was routinely recorded
by a neurologist in the ED. Information was collected
from patients, family members or witnesses and med-
ical records. NIHSS scoring of symptoms was used to
access the severity of stroke at admission; scores were
divided into mild (0–6), moderate (7–15), and severe
(16–38). The NIHSS cutoffs were specified and based
on clinical judgment and suggestions, which were
derived from previously published literature [14,15].
Definition of terms
Time of stroke onset: the time when signs or symptoms
of stroke are first noted by patients or witnesses. If the
patient awoke with symptoms, the time of onset was
defined as when the patient went to sleep or was last
known to be awake without symptoms.
Pre-hospital delay (T pre-hospital): the time from
symptom onset until the earliest documented time in
the ED (usually triage).
Neurologic consultation time (T neuro): the time from
ED arrival to neurologic consultation.
CT completion time (T CT): the time from ED arrival
to the completion of cranial CT scanning.
Electrocardiogram (ECG) completion time (T ECG): the
time from ED arrival to the completion of an ECG.
Laboratory completion time (T Lab): the time from
ED arrival to the release of laboratory test results.
Statistical analysis
Data were tabulated and subjected to statistical analy-
sis using descriptive statistics. Means, standard devi-
ations, medians, and percentages were computed.
The distribution of the time variable was skewed;
therefore, median time was reported primarily. The
25th and 75th percentiles were used to explain the range
of time delays.
Chi-square testing for trends was used to compare
the characteristics of patients between different time
interval groups. Univariate and multiple logistic regres-
sion analyses were used to determine the odds ratios
(ORs) of factors thought to possibly affect pre-hospital
delay. The adjusted ORs were computed by multiple
logistic analyses. All significant tests were two-tailed,
and differences were considered to be statistically sig-
nificant at p <0.05. Data were analyzed using JMP ver-
sion 5.12 (SAS Inc., Cary, NC, USA) for Windows.
RESULTS
From June 1, 2004 to October 31, 2005, a total of 180
patients were enrolled in this study. Fifty-one patients
were excluded because they had hemorrhagic stroke
or other medical diagnoses (e.g. electrolyte imbalance,
hypoglycemia, pneumonia). Among the 129 stroke
patients, 104 had ischemic infarcts and 25 had transient
ischemic attacks.
Patient characteristics
The demographics and characteristics of the patients
are shown in Table 1. The mean age was 67 years (SD,
11.87), 41.1% were women, 69 patients (53.5%) had
senior high school education at least, but 31 patients
(24%) were illiterate. Only 38 patients (29.5%) were
transported by emergency medical system (EMS), and
13 patients (10.1%) were referred from other medical
facilities. A history of cerebrovascular or cardiovascu-
lar events was reported in 47 patients (36.4%). Twenty-
five patients (19.4%) awoke with symptoms.
Mean NIHSS score at admission was 8.44 (SD, 7.99).
Six patients (4.7%) had a baseline NHISS score > 25.
The most frequently noted symptom in stroke patients
was limb weakness (85.3%). Among the stroke risk
factors, 69.8% had hypertension, 33.3% had diabetes
mellitus and 26.4% had hyperlipidemia.
Pre-hospital delay and ED time delay
Table 2 illustrates the pre-hospital delay and the com-
ponents of ED time delay. The median time from
symptom onset to ED arrival was 71 (82.7 ± 57.7;
interquartile range, IQR, 34.8–125.8) minutes. Ninety-
three patients (72.1%) presented at the ED within 
2 hours of symptom onset and 92.2% (119/129) pre-
sented within 3 hours. The median times from ED
arrival to neurologic consultation and completion of
cranial CT scanning, ECG and laboratory investiga-
tions were 10 (11.3 ± 9.9; IQR, 6–13) minutes, 17 (19.6 ±
11.3; IQR, 10–28.5) minutes, 14 (233 ± 55; IQR, 9.25–20)
minutes, and 39 (44.4 ± 24.5; IQR, 29–53.3) minutes,
respectively.
The National Institute of Neurological Disorders
and Stroke (NINDS) guidelines suggested that patients
who were candidates for acute thrombolytic therapy
should be evaluated by a physician with general
assessment within 10 minutes of arrival at the ED, 
15 minutes from the ED to stroke team or expert
physician notification, and that they should undergo
CT scanning within 25 minutes [16]. In our study,
80.6% of patients received neurologic consultation
within 15 minutes, 68.2% completed CT scanning
within 25 minutes, and 32.6% finished ECG investi-
gation within 10 minutes.
Factors associated with pre-hospital 
delay
Chi-square analysis (Table 3) showed that referral
from other medical facilities (χ2 p = 0.0328) and awak-
ening with symptoms (χ2 p < 0.0001) were the factors
significantly associated with pre-hospital delay. In
the univariate analysis, age < 65 years (OR, 2.27; 95%
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Table 1. Patient characteristics*
Age (yr) 67 ± 11.87
< 65 53 (41.1)
≥ 65 76 (58.9)
Sex
Female 53 (41.1)
Male 76 (58.9)
Place of attack
Urban 108 (83.7)
Rural 21 (16.3)
Education
Illiterate 31 (24)
Below junior high 69 (53.5)
Above junior high 29 (22.5)
Transportation
EMS 38 (29.5)
Non-EMS 78 (60.5)
Referral 13 (10.1)
Previous stroke or MI
Yes 47 (36.4)
No 82 (63.6)
Awakening with symptoms
Yes 25 (19.4)
No 104 (80.6)
NIHSS score at admission 8.44 ± 7.99
0–6 71 (42.6)
7–15 29 (22.5)
16–25 23 (17.8)
≥ 26 6 (4.7)
Initial symptoms
Limb weakness 110 (85.3)
Speech disturbance 57 (44.2)
Consciousness disturbance 27 (20.9)
Dizziness/vertigo 8 (6.2)
Limb numbness 6 (4.7)
Risk factors
Hypertension 90 (69.8)
DM 43 (33.3)
Hyperlipidemia 34 (26.4)
Arrhythmia 26 (20.2)
Smoking 11 (8.5)
CHF 8 (3.4)
Valvular heart disease 6 (4.7)
*Data are presented as mean ± standard deviation or n (%).
EMS = emergency medical system; MI = myocardial infarc-
tion; NIHSS = National Institutes of Health Stroke Scale; DM =
diabetes mellitus; CHF = congestive heart failure.
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CI, 1.04–5.03) and awakening with symptoms (OR,
22; 95% CI, 7.71–74.22) were related to delays in ED
arrival. However, multiple logistic regression analy-
sis showed that sex, residence, mode of transportation,
previous cerebrovascular or cardiovascular events,
and NIHSS score at admission were not predictive of
delays in ED presentation. The presence of signs and
symptoms during awakening (OR, 36.58; 95% CI,
10.24–172.21), illiteracy (OR, 16.52; 95% CI, 1.93–182.81)
and age < 65 years (OR, 4.31; 95% CI, 1.26–16.83) were
the most significant predictors of pre-hospital delay
(Table 4).
Table 2. Time interval for pre-hospital delay and in-hospital evaluation
Time interval (min) NINDS recommendation Mean ± SD Median (25th–75th percentile)
T pre-hospital < 180 82.7 ± 57.7 71 (34.8–125.8)
T neuro 15 11.3 ± 9.9 10 (6–13)
T CT 25 19.6 ± 11.3 17 (10–28.5)
T ECG 23.3 ± 55 14 (9.25–20)
T Lab 44.4 ± 24.5 39 (29–53.3)
NINDS = National Institute of Neurological Disorders and Stroke.
Table 3. Difference in patient characteristics between time intervals
n
Time (min), n (%)
p*
0–29 30–59 60–119 120–240
Sex 0.1610
Female 53 12 (48.0) 13 (46.4) 16 (40.0) 12 (33.3)
Male 76 13 (52.0) 15 (53.6) 24 (60.0) 24 (66.7)
Age (yr) 0.1161
< 65 53 9 (36.0) 12 (42.9) 12 (30.0) 20 (55.6)
≥ 65 76 16 (64.0) 16 (57.1) 28 (70.0) 16 (44.4)
Place of attack 0.7161
Urban 108 22 (88.0) 23 (82.1) 33 (82.5) 30 (83.3)
Rural 21 3 (12.0) 5 (17.9) 7 (17.5) 6 (16.7)
Education 0.5329
Illiterate 31 8 (32.0) 5 (17.9) 8 (20.0) 10 (27.8)
Below junior high 69 9 (36.0) 18 (64.3) 22 (55.0) 20 (55.6)
Above junior high 29 8 (32.0) 5 (17.9) 10 (25.0) 6 (16.7)
Transportation 0.0328
EMS 38 12 (48.0) 6 (21.4) 13 (32.5) 7 (19.4)
Non-EMS 78 13 (52.0) 21 (75.0) 21 (52.5) 23 (63.9)
Referral 13 0 (0) 1 (3.6) 6 (15.0) 6 (16.7)
Previous stroke or MI 0.7786
Yes 47 9 (36.0) 11 (39.3) 14 (35.0) 13 (36.1)
No 82 16 (64.0) 17 (60.7) 26 (65.0) 23 (63.9)
Awakening with symptoms < 0.0001
Yes 25 0 (0) 0 (0) 5 (12.5) 20 (55.6)
No 104 25 (100) 28 (100) 35 (87.5) 16 (44.4)
NIHSS score at admission 0.3479
0–6 71 11 (44.0) 19 (67.9) 19 (47.5) 22 (61.1)
7–15 29 5 (20.0) 5 (17.9) 10 (25.0) 9 (25.0)
≥ 16 29 9 (36.0) 4 (14.3) 11 (27.5) 5 (13.9)
*χ2 testing for trend. EMS = emergency medical system; MI = myocardial infarction; NIHSS = National Institutes of Health 
Stroke Scale.
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DISCUSSION
In the past, acute ischemic stroke treatment has been
very conservative, but since 1995, the management of
acute ischemic stroke has shifted from supportive care
to aggressive thrombolytic therapy [7]. However, only
a small proportion of patients are eligible for throm-
bolysis. Time is the most critical factor for the success-
ful evaluation and treatment of acute ischemic stroke.
Several documents have identified this issue [9–13].
In Taiwan, Chang et al collected data on 196 acute
stroke patients who presented to the ED within 48
hours of symptom onset. They found that aged people
tended to make later decisions to seek medical help,
but stroke severity reduced this delay [11]. Our study,
however, aimed to detect the time delays associated
with patients eligible for thrombolytic therapy and,
thus, set a cutoff point of 4 hours after acute stroke.
Our study indicated that the median pre-hospital
delay was 71 minutes, with approximately 72% of
patients arriving at the ED within 2 hours. This result
is faster than that reported in previous studies. Part
of the reason for this is that the study was truncated at
4 hours after symptom onset, cutting off those patients
who may have come in after a 4-hour delay. It is diffi-
cult to compare the present study with other studies,
because of differences in study design and selection
criteria.
Compared with NINDS guidelines, the results of
our study indicated that cranial CT scans and neuro-
logic consultation were actually performed sooner than
suggested. Thus, we believe that organizing a stroke
team and standardizing stroke pathways could reduce
inpatient delays in diagnosis and treatment.
According to the NINDS guidelines, thrombolytic
therapy must be administered to acute stroke patients
Table 4. Delayed emergency department arrival after stroke symptoms: univariate analysis and adjusted odds ratios
n Univariate OR (95% CI) p Adjusted OR (95% CI) p
Sex
Female 53 1 1
Male 76 1.58 (0.72–3.61) 0.2764 2.63 (0.73–8.35) 0.1617
Age (yr)
≥ 65 76 1 1
< 65 53 2.27 (1.04–5.03) 0.0398 4.31 (1.26–16.83) 0.0253
Place of attack
Rural 21 1 1
Urban 108 1.04 (0.34–2.82) 0.9409 1.48 (0.38–5.37) 0.5564
Education
Above junior high 29 1 1
Below junior high 69 1.22 (0.43–5.32) 0.7136 1.55 (0.36–7.22) 0.5589
Illiterate 31 1.66 (0.48–5.57) 0.4180 16.52 (1.93–182.81) 0.0141
Transportation
EMS 38 1 1
Non-EMS 78 0.93 (0.31–2.90) 0.9055 0.87 (0.15–4.81) 0.8675
Referral 13 3.93 (0.77–19.52) 0.0912 3.01 (0.3–29.98) 0.3415
Previous stroke/MI
Yes 47 1 1
No 82 0.98 (0.43–2.16) 0.9622 1.6 (0.54–4.89) 0.3972
Awakening with symptoms
Yes 25 22 (7.71–74.22) < 0.0001 1
No 104 1 36.58 (10.24–172.21) < 0.0001
NIHSS score at admission
0–6 71 1.67 (0.58–4.99) 0.3483 1.57 (0.34–7.78) 0.5672
7–15 29 1.67 (0.45–5.97) 0.4286 1.53 (0.26–8.49) 0.6249
≥ 16 29 1 1
OR = odds ratio; CI = confidence interval; EMS = emergency medical system; MI = myocardial infarction; NIHSS = National Institutes
of Health Stroke Scale.
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within 60 minutes of ED arrival. This was in agree-
ment with our study showing that all ED investiga-
tions took nearly 1 hour; therefore, we hypothesized
that in order to perform thrombolytic therapy within
3 hours of symptom onset; a pre-hospital delay time
of 2 hours was the maximum.
Consistent with prior studies, sex did not signifi-
cantly affect ED arrival in our investigations [17–22].
Previous studies have reported that old age was a fac-
tor delaying presentation in the ED [11,23], whereas
our study found that patients ≥ 65 years of age were
likely to arrive earlier than patients < 65 years of age.
A partial explanation for this may be that older patients
are more likely to perceive stroke symptoms as an
emergency based on previous experience [9,13]. Our
results revealed that patient experience from a previ-
ous stroke or myocardial infarct tended to minimize
the pre-hospital delay (1.6-fold shorter by OR). Another
explanation could be cultural factors and lack of
knowledge about stroke severity. Patients < 65 years
of age often thought that the symptoms might go away
soon afterward, and chose to take medicine before
seeking help. They did not consider seeking medical
management until the condition had worsened.
Our study showed that educational level was an
independent factor affecting pre-hospital delay. The
lower the education level, the longer was the time
between symptom onset and ED arrival. This may be
due to a lack of awareness or misjudgment of the
seriousness of the symptoms [13,22]. In particular, as
24% (31/129) of our patients were illiterate, educational
campaigns must be graphically and easily comprehen-
sible in order to increase awareness of stroke-related
symptoms.
Based on our results, patients with stroke symptoms
presenting on awakening showed significant delays
in the time from symptom onset to ED admission (p <
0.0001). Several studies defined onset time as the time
of awakening or as the midpoint between being asleep
and awakening [12,13,17,23]. Our study defined onset
time as the last time the patient had no symptoms or
the time the patient fell asleep. This may merely
reflect the particular author’s choice of coding. Thus,
as expected, the time lag for pre-hospital delay in
these patients was much longer than that in patients
whose symptoms began while they were awake.
Place of attack and EMS do not play a major role
in this area. We found that patients referred from other
medical facilities correlated with time delay among
stroke victims (χ2 p = 0.0328), but the multiple logistic
regression analysis revealed that the relationship was
excluded. Similar to prior investigations [9,12,21,24],
our data revealed a substantially prolonged delay in
patients first contacting general practitioners or other
medical facilities (3-fold longer by OR). The implication
of this observation was that with the extensive network
of hospitals and clinics in the Taiwan area, patients
were transferred to the study hospital when they had
no improvement or even deterioration of symptoms.
Some studies have predicted that the patients who
sought medical treatment sooner were likely to have
prior experience and greater severity of stroke [13,19].
Conversely, our study revealed that previous cere-
brovascular events and initial NIHSS score did not
present significant delays in the time to ED admission,
and only tended to be associated with a longer time to
hospital arrival in patients with a mild or moderate
NIHSS score (1.53- and 1.57-fold longer by OR).
A number of limitations may confound the inter-
pretation of our results. First, this is a single-hospital-
based study; the number of subjects in this study was
small, and may not be able to validate the hypothesis
estimate exactly. Second, we lacked a precise method
to measure onset time, especially in patients who
awoke with symptoms. We defined onset time as the
time when the patient fell asleep; therefore, part of our
patient sample may have overestimated pre-hospital
delays. Third, patient selection bias in our study was
inevitable, since our study focused on patients who
were eligible for thrombolytic therapy (intravenous
or intra-arterial); therefore, we enrolled patients with
onset of symptoms within 4 hours of stroke onset.
This difference can affect the interpretation of pre-
hospital delay. Fourth, additional influencing factors
were not collected, such as living alone, reasons for
delay in seeking treatment, long-term care facilities,
and retired or working status. In addition, the results
cannot be extrapolated to anywhere outside our region.
In conclusion, this study offers an opportunity to
identify the causes of time consumption during pre-
hospital and in-hospital delays. It also predicts quality
improvement in the ED that might increase the num-
ber of stroke patients eligible for thrombolytic therapy.
Reducing pre-hospital delay in patients suffering
from acute stroke may increase the rt-PA treatment
rate, but this may be difficult and expensive to
achieve. In contrast, reducing missed opportunities for
treatment in hospital may be much easier. It is clear
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that establishing a stroke team and executing standard-
ized streamline care can overcome these problems [25].
Combined educational programs that include ED
physicians, EMS personnel and paramedical staff
appear to have an extremely positive effect in reduc-
ing time delay. In particular, special programs must
also be designed for the illiterate.
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